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Detailed report 

(Name of the invention) 

manufacturing method for an optical master disk 

(Object of the invention) 

this invention forms pits or grooves more approximately rectangular in shape than 
former optical master disk manufacturing methods and offers a high density optical disk 
with high C/N ratio and low error rate. 

(Constitution of the invention) 

In the field of optical disk mastering methods which consists of manufacturing 
master disks by: applying a positive type photoresist on the substrate surface; exposing the 
master disk using a laser beam, and a developing process which applies an alkali 
developing solution to the exposed master disk to form patterns, this is regarding a 
manufacturing method for an optical master disk which applies an alcohol solution to the 
exposed master disk before applying the alkali developing solution. 
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Sphere of patent request 
(requested clause 1) 

In the field of optical disk mastering methods which consists of manufacturing 
master disks by: applying a positive type photoresist on the substrate surface; exposing the 
master disk using a laser beam, and a developing process which applies an alkali 
developing solution to the exposed master disk to form patterns, this is regarding a 
manufacturing method for an optical master disk which applies an alcohol solution to the 
exposed master disk before applying the alkali developing solution. 

(requested clause 2) 

It is regarding the manufacturing method for an optical master disk in requested 
clause 1 where the alcohol solution is an ethanol solution. 

(requested clause 3) 

It is regarding the manufacturing method for an optical master disk in requested 
clause 2 where the concentration of the ethanol solution is in the range of 20 weight % to 
30 weight %. 

Detailed explanation of invention 
(field of industrial use) 

This invention is regarding a manufacturing method for an optical master disk 
which is used for manufacturing read-only optical disks such as compact disks (CD) and 
laser disks (LD). It is also applicable to write-once or rewritable optical disks. In 
particular, it is regarding a manufacturing method for an optical master disk with a fine 
pattern which is necessary for high density recording. 

(prior art) 

Generally, manufacturing of master disks for optical disks is done by the process 
shown in figure 2. First, a positive type photoresist 2 is applied to a glass master disk 1 
which has been ground sufficiently flat. After drying, it is exposed to light selectively by a 
laser beam 3 in accordance with recorded information. 

Next, in order to improve wetting of the positive photoresist and the alkali 
developing solution, the alkali developing solution 8 is diluted to approximately 1/20 using 
distilled water, and pre-developing is performed. Next, the alkali developing solution 6 is 
applied to the surface of the photoresist, and the areas which have been exposed to light 
are removed to form pits 7. 

(problems that this invention tries to solve) 

According to the former technique described above, the sectional shape of pits or 
grooves is generally narrow at the bottom (close to the glass master), and it is trapezoidal 
in shape (wider near the surface of the photoresist). When the pitch of the pits or grooves 
is fine to increase information density, this shape is a for a drop in C/N ratio and an 
increase in block error rate. 
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Factors which produce the pits or grooves in a trapezoidal shape are as follows: 

(1) The intensity distribution of the laser beam is Gaussian, and the skirt section of the 
intensity distribution widens the pits or grooves. 

(2) The ratio of photo sensitive material close to the glass master disk is less than the ratio 
of photo sensitive material at the surface. 

(3) Since The dissolution rate of the photoresist layer is fixed regardless of the direction of 
the photoresist layer, the surface of the photo resist layer which has a long time in contact 
with the developing solution becomes wider than the part which is close to the glass 
master disk. 

This invention was invented especially to solve factor (3) above and to form pits or 
grooves that are closer to rectangular shape. The object of this invention is to offer a high 
density optical disk with high C/N ratio and low error rate. 

(steps for solving problems) 

In requested clause 1, in optical disk mastering methods which consists of 
manufacturing master disks by: applying a positive type photoresist on the substrate 
surface; exposing the master disk using a laser beam, and a developing process which 
applies an alkali developing solution to the exposed master disk to form patterns, this is 
regarding a manufacturing method for an optical master disk which applies an alcohol 
solution to the exposed master disk before applying the alkali developing solution. 

In the invention in requested clause 2, the alcohol solution in requested clause 1 is 
an ethanol solution. 

In the invention in requested clause 3, the concentration of the ethanol solution in 
requested clause 2 is in the range of 20 weight % to 30 weight %. 

(Function) 

Generally, positive photo resist uses naphthoquinone azide as the photo active 
compound (PAC) and novolac resin as the base resin. 

When the PAC is mixed in novolac resin, dissolution speed is remarkably reduced 
(up to 1/1000) by interaction between molecules. The PAC becomes a reactive ketene 
when exposed to light, and this ketene becomes carbolic acid when exposed to the alkali 
developing solution and is dissolved into the alkali developing solution. The dissolution 
rate of novolac resin in the exposed areas is approximately 10 times that of novolac resin 
in the unexposed part. 

In this invention, a process which reacts positive type photoresist with an alcohol 
solution after exposure to light is included. By this process, the alcohol solution and 
ketene generated by exposing the PAC as shown in the chemical formula 1 are esterized. 

Chemical formula 1 (see the chemical formula on page(3) of the original document) 



The dissolution rate of the exposed part of the positive photoresist which includes 
PAC which has been esterized by the alcohol solution into the alkali developing solution is 
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less than the dissolution rate of unesterized material. Therefore, by esterizing the PAC on 
the surface of the positive photoresist, the developing speed on the surface can be slower 
than the developing speed close to the glass master disk. 

Accordingly, development on the surface of the positive photoresist which is in 
contact with the alkali developing solution for a long time progresses slowly, while 
developing in the part close to the glass master disk and in lower layers of the positive 
photoresist is faster. Therefore, the developing rate in the direction of thickness of the 
positive type photoresist layer is almost constant, and the sectional shape of the pits and 
grooves will be closer to rectangular compared to former methods. 

Also, in the manufacturing method for optical master disks in this invention, 
applying an alcohol solution before applying the alkali developing solution improves 
wetting of the positive photoresist by the alkali developing solution similar to the former 
pre-developing process, so no additional process steps are required. 

(examples of practice) 

In the following, this invention is going to be explained in more detail using 
figures. Figure 1 shows the manufacturing method for the optical master disk in this 
invention. A positive photoresist 2 which consists of a novolac resin base and 
naphthoquinone azide as the PAC was applied to a glass substrate 1 which has been 
polished sufficiently. After drying, a musical signal was used to expose the master using a 
laser beam 3 and pits were recorded. 

Next, the exposed glass master disk 1 was placed in a spin coater. It was rotated 
at 100 rpm, and an ethanol solution which had been adjusted to a predetermined 
concentration was dropped for 30 seconds at 8 liter/h. An esterized layer 5 was formed 
on the surface of the exposed part of the positive photoresist. 

After dropping the ethanol solution 4, an alkali developing solution 6 which had 
been diluted to 1/1.5 by pure water was immediately dropped for 60 seconds at 100 rpm 
and 10 liter/h, and the developing process was completed. After the exposed part was 
removed, pits 7 were formed. Wetting of the esterized layer 5 and alkali developing 
solution 6 were good, and there was no uneven developing. 

Next, an optical master disk was manufactured by the same method while changing 
only the concentration of the ethanol solution 4. The pits 7 were measured and the ratio 
of top and bottom widths (X = bottom line/upper line) was recorded using an atomic force 
microscope as shown in figure 3. X was 0.36 in the case when not using the ethanol 
process. As the ethanol concentration became higher, the X value increased. In the case 
when the ethanol concentration was in the range of 20 to 30 weight %, X was 0.4 or 
more. 

When the ethanol concentration was 30 weight % or more, the dissolution rate of 
the unexposed part of the novolac resin in ethanol of became extremely fast, and the pits 7 
which were exposed remained as projections. 

The process conditions for applying the ethanol solution 4 above are not limited to 
only this example. The spin coating process conditions such as rpm, dropping time, and 
flow rate can be changes as well. 

Figure 4 shows the result of measuring the ethanol concentration dependency of 
block error rate (BLER) and C/N ratio after manufacturing a CD with four times more 
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density with half the pit length and pitch width of the former CD by using an optical 
master disk manufactured according to the method in this invention. While the C/N ratio 
= 45dB, BLER = 50/7350 when not using the ethanol process, as the ethanol 
concentration became higher, the C/N ratio and BLER improved. When the ethanol 
concentration was 30 weight %, C/N ratio = 50 dB, and BLER = 1/7350. 

Also, when alcohol with low molecular weight such as methanol, propanol, or 
butanol were used instead of ethanol, although there was slight a difference in the 
appropriate concentration, similar results were obtained using any alcohol. 

(effects of this invention) 

According to the optical master disk manufacturing method of this invention, by 
reacting the positive type photoresist with an alcohol solution before applying the alkali 
developing solution, the dissolution rate of positive photoresist in the alkali developing 
solution can be adjusted so that it will be different in the unexposed part, surface of the 
exposed part, middle of the exposed part, and the bottom of the exposed part. The cross 
section of the pits or grooves after developing can be closer to rectangular than when 
using former methods. As a result, a high density optical disk with fine pit length or pitch 
width and a high C/N ratio and low error rate can be attained. 

Also, in the optical master disk manufacturing method of this invention, applying 
the alcohol solution before applying the alkali developing solution improves wetting of the 
positive photoresist by the alkali developing solution similar to former pre-developing 
processes. The process in this invention can be done by the same numbers of 
manufacturing steps as the former optical master disk manufacturing method. 

(simple explanation of figures) 

figure 1: It shows the manufacturing method for an optical master disk of this invention. 

figure 2: It shows the former manufacturing method for an optical master disk 

figure 3: It shows the ratio of top and bottom pits width formed by manufacturing an 

optical master disk according to the manufacturing method in this invention. 

figure 4: It shows the ethanol concentration dependency of C/N ratio and block error rate 

(BLER) of a CD with four times the density of a former CD manufactured by the method 

in this invention. 

(explanation of numbers in figures) 

1 : glass master disk 

2: positive photoresist 

3 : laser beam 

4: ethanol solution 

5 : esterized layer 

6: alkali developing solution 

7: pit 

8: alkali developing solution which has been diluted to approximately 1/20 by pure water 
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